This is the first report on the parasitoid Palmistichus elaeisis, genus Eulophidae, found in the field parasitizing pupae of defoliating eucalyptus. Lepidopterous pests occur in eucalyptus plantations in Brazil, reaching high population levels. Due to the complexity of pest control in eucalyptus forests, alternative control methods have been proposed, for instance biological control through use of parasitoids. Natural enemies play an important role in regulating host populations because their larvae feed on the eggs, larvae, pupae or adults of other insects. The parasitic Hymenoptera are important agents in biological control programs against forest pests, and may provide economic and environmental benefits. The generalist endoparasitoid Palmistichus elaeisis Delvare and LaSalle, 1993 (Hymenoptera: Eulophidae) can develop in its host's pupae, which overcome the host's physiology and can therefore be used for biological control of agricultural and forest pests. This study aimed to evaluate the impact of P. elaeisis as a pupal parasitoid of S. violascens in providing a potential alternative to chemical control of the pest and creation of an alternative host. The experiment was developed in the Laboratory for Biological Control of Forest Pests, Universidade Estadual Paulista "Julio Mesquita Filho". Parasitoids used in this test were originally collected on pupae of E. eucerus. (Lepidoptera: Riodinidae) in eucalyptus plantations at Lençois Paulistas, São Paulo state, Brazil, in 2011. Thereafter, a laboratory culture has been maintained, using pupae of Spodoptera frugiperda (J. E. Smith) (Lep.: Noctuidae) as hosts. S. violascens eggs were collected in a eucalyptus clonal plantation in Sao Paulo state (Brazil). Larvae were reared under ambient conditions on Eucalyptus urophylla S.T. Blake (Myrtaceae) leaves. The following parameters were determined: parasitism level, numbers of emerged and non-emerged parasitoids and duration of egg-adult cycle. The S. violascens pupae were dissected to evaluate the non-emerged parasitoids. The parasitism level reached 100%, with a 100% emergence rate. It was www.ccsenet.org/jps
Introduction
Eucalyptus species were introduced into Brazil before 1900, to produce wood for railroad companies and timber production of fence posts and poles (Uhlig et al., 2008) . The uses of wood from forests ranges from firewood, poles, fences, charcoal, pulp, paper, fibers and plates to more complex applications such as the manufacturing of houses, furniture and other structures, especially in the southern and soutneast regions of Brazil.
Also noteworthy is the growing demand for non-timber products such as resins, latex, food products, tannins and essential oils, as well as raw materials for the pharmaceutical industry such as medicinal plants. This tendency toward increasing demand for forest-based products is also worldwide (Ribaski et al., 2001) . Areas with eucalyptus ecosystems represent the most stable agriculture and differ from natural vegetation or polycultures on account of their large areas planted with seedlings, which may favor the emergence of insect pests such as lepidopteran defoliators (Zanuncio et al., 2001; Zanuncio et al., 2003; Soares et al., 2007; Soares et al., 2009) .
Defoliating caterpillars are the second most important group of pests on eucalyptus plantations in Brazil, ranking behind only leaf-cutting ants. In the past decade new species of eucalyptus-defoliating lepidopterans have appeared in Brazil. Sarsina violascens, also known as the purple moth, is a defoliating caterpillar native to Argentina and Brazil, belonging to the Order Lepidoptera, Family Lymantriidae (FAO, 2008; Zanuncio & Lima, 1975) .
It is known that this pest causes damage to the larval stage (caterpillar-induced defoliation). The attacks of defoliating caterpillars cause partial or total defoliation in plants. In the case of eucalyptus, the caterpillars interfere with the rate and balance of internal physiological processes of plants, affecting growth and formation of trunk biomass (Espindola & Gonçalves, 2000) . S. violascens presents a risk to human health, because it is a stinging caterpillar (Gallo et al., 2002) .
Chemically, S. violascens can be controlled efficiency, but limitations include difficulty of applying insecticides, diminution of populations of natural enemies, the poisoning and contamination of the environment, increased costs and the emergence of resistant insects. This has motivated the search for other control methods to reduce the population density of this pest, with emphasis on the application of biological control (use of entomopathogenic bacteria, predatory stinkbugs and parasitoids), which enables the integration of pest management systems in forested areas. Natural enemies play an important role in regulating populations of their hosts because their larvae feed on the eggs, larvae, pupae or adults of other insects (Paron & Berti Filho, 2000; Pennacchio & Strand, 2006 , Pereira et al., 2008a , 2008b Zanuncio et al., 2008) .
Alternative methodologies for control of Lepidoptera species in the forestry sector can present satisfactory efficiency (Zanuncio et al., 1994) , especially biological control with parasitoids (Bragança et al., 1998) . The parasitic Hymenoptera are important in biological control programs against forest pests, and may provide economic and environmental benefits.
The generalist endoparasitoid Palmistichus elaeisis Delvare and LaSalle, 1993 (Hymenoptera: Eulophidae) can develop in its host's pupae, which overcome the hosts physiology and can therefore be used for biological control of agricultural and forest pests (Bittencourt & Berti Filho, 1999 , 2004 Pereira et al., 2008 b) . The lack of artificial diets requires the use of alternative hosts for the mass production of these wasps in the laboratory (Pereira et al., 2009) .
Alternative hosts suitable for mass rearing of this parasitoid must be easily cultured at low cost and at an efficiency similar to that of natural hosts (Bittencourt & Berti Filho, 1999; Paron & Berti Filho, 2000; Ramalho & Dias, 2003; Pereira et al., 2009) .
The objective of this study was to evaluate the impact of P. elaeisis as a pupal parasitoid of S. violascens in providing a potential alternative to chemical control of the pest and creation of an alternative host.
Materials and Methods
The experiment was developed in the Laboratory for Biological Control of Forest Pests, Universidade Estadual Paulista "Julio Mesquita Filho". Parasitoids used in this test were originally collected on pupae of E. eucerus. (Lepidoptera: Riodinidae) in eucalyptus plantations at Lençois Paulistas, São Paulo state, Brazil, in 2011. Thereafter, a laboratory culture has been maintained, using pupae of Spodoptera frugiperda (J. E. Smith) (Lep.: Noctuidae) as hosts. Larvae were transferred to the laboratory, put in plastic containers with capacity of 50 ml, sealed with acrylic lids containing artificial diet consisting of 59.3 g of germ wheat, 38 g of yeast extract, 3.82 g ascorbic acid, 1.23 g of sorbic acid, 1.3 ml of propionic acid, 0.131 ml of phosphoric Nipagin 2.36 g, 123.6 g of beans, 15.35 g of agar and 3.1 g of formaldehyde.
The laboratory temperature was 26 ± 2°C with relative humidity of 70 ± 10%. The pupae obtained were placed in glass tubes 14 cm long and 2 cm in diameter closed with "voile" fabric containing 15 females of P. elaeisis that had previously copulated for 24 hours and been fed pure honey for a period of 72 hours to test for the occurrence of parasitism; they were packed in plastic trays in a climatized room at 26 ± 2°C, 70% RH and 12-hour photoperiod until adult emergence After 21 days the emerged parasitoids were used in this experiment.
S. violascens eggs were collected in eucalyptus clonal plantation in Sao Paulo state (Brazil). Larvae were reared under ambient conditions on Eucalyptus urophylla S.T. Blake (Myrtaceae) leaves and kept in a wooden cage (70x50x40 cm) with a glass front, at 25 ± 1°C, 70 ± 10% relative humidity and 14-hour photophase. Upon pupation, 15 pupae were offered to P. elaeisis females at a 10:1 (parasitoid: host) ratio for 72 hrs. Thereafter, the females were removed and containers with S. violascens pupae were kept packed in plastic trays in a climatic chamber at 26 ± 2°C, 60 ± 10% relative humidity, and a 12-hour photophase.
The following parameters were determined: level of parasitism, number of emerged and non-emerged parasitoids, sex ratio and duration of egg-adult cycle. The pupae of S. violascens were dissected to evaluate the non-emerged parasitoids. The sexing of adults was performed according to Perreira et al. (2006) .
The statistic used to evaluate the experimental parameters was randomized. The data were subjected to analysis of variance (ANOVA) and means were compared by Tukey test at 5% probability for parametric data. Nonparametric data were submitted to Kruskal-Wallis test (p ≤ 0.05).
Results and Discussion
The parasitism level reached 100%, with a 100% emergence rate. It was verified that 113.2 ± (0.8 SE) parasitoids emerged per individual pupa versus only 0.7 ± (0.1 SE) that did not emerge, sex ratio 0.85 ± (0.3 SE). The P. elaeisis egg-adult cycle was 20.3 ± (0.6 SE) days in S. violascens pupae. This suggests a host effect on parasitoid development time as reported for other species of parasitoids (Zago et al., 2006; Pastori et al., 2008; Pereira et al., 2008; Fávero, 2009 ).
Tetrastichinae is a major subfamily of Eulophidae, and has as hosts representatives of 100 insect families of different orders (Lasalle, 1993; Lasalle & Schauff, 1995) . A new Tetrastichinae species was described as Palmistichus elaeisis (Hym.: Eulophidae) The eggs of P. elaesis are hyaline, smooth, typically hymenopteriform and present a narrower anterior. The egg hatching period persists for approximately 48 hours. The first instar larvae are Apodans with transparent cuticle and hymenopteriform format with 12 segments; the larvae of the second, third and fourth instars (5 to 10 days) are whitish and segmentation is well defined. The larval stage lasts 8.04 ± 0.17 days. The pre-pupa is white with pigmented appendages. The pre-pupal stage was approximately 24 hours. The pupal period lasts on average 9.8 ± 0.17 days. These data were obtained utilizing the following hosts: A. gemmatalis, D. saccharalis, H. virescens, S. frugiperda and T. arnobia (Pereira et al., 2008) .
P. elaesis has been reported in pupae of Eupseudosoma involuta (Sepp, 1852) (Lep.: Arctiidae) and Euselasia eucerus Hewitson, 1872 (Lep.: Riodinidae) (Delvare & Lasalle, 1993) , Sabulodes sp. (Lep.: Geometridae) (Bittencourt and Berti Filho, 1999) and Thyrinteina arnobia (Stoll, 1782) and Thyrinteina leucoceraea (Rindge, 1961) (Lep.: Geometridae) (Pereira et al., 2008) . Le Verdier and Genty (1988) found that the natural control by Hispoleptis subfasciata of Pic (Col.: Chrysomelidae), a defoliating pest of Elaeis guineensis Jacq. (palm oil), was performed by a parasitoid which was later identified as P. elaeisis. The generalist behavior of P. elaeisis characterizes this natural enemy as a promising agent for utilization in biological control programs.
Under similar conditions as the host Zophobas confusa Gebien, 1906 (Coleoptera: Tenebrionidae) we found the following results from P. elaeisis in pupae of Z. confusa: respective percentages of parasitism and emergence were 100.00 % and 64.28 % and duration of life cycle was 28.78 ± 1.47 days. The progeny was 133.78 ± 21.95 offspring per parasitoid pupa per host, and the sex ratio 0.87 ± 0.03.
The life cycle of P. elaeisis in pupae of T. molitor, A. gemmatalis, D. saccharalis, S. frugiperda, Z. confuse, T. arnobia or H. virescens, ranging from 18.9 to 23.42 days (Bittencourt & Berti Filho, 2004; Pereira et al., 2008b; Zanuncio et al., 2008) .
The progeny of P. elaeisis of S. violascens pupae was greater than those in pupae of T. arnobia, A. gemmatalis and T. molitor (Pereira, 2006; Zanuncio et al., 2008) . For gregarious parasitoids, the graphic relationship between the variables "number of parasitoids emerging from one host" and "burden placed on host parasitoids" is represented by a parabola that increases as a function of the number of positions on a host, in turn augmenting the number of parasitoids emerging from the same up to a limit that the author calls the load of the host, where there is no emergence of parasitoids (BECKAGE & Alleyne, 1997) .
The sex ratio of P. elaeisis offspring in pupae of S. violascens was lower than in pupae of Bombyx mori Linnaeus, 1758 (Lepidoptera: Bombycidae) (0.94-0.96), A. gemmatalis (0.96), T. molitor (0.94) and D. saccharalis (0.89) (Bittencourt and Berti Filho 1999 , Pereira 2006 , Zanuncio et al., 2008 . However, the sex ratio was satisfactory, because there was greater production of P. elaeisis females, which are responsible for parasitism and production of future (Gonzáles et al., 2004; Silva-Torres & Matthews, 2003) .
Palmistichus elaeisis showed adequate reproductive performance in pupae of S. violascens, thus enabling the conclusion that this host can be used for mass rearing of P. elaeisis in the laboratory. Its generalist behavior and ease of being created in large quantities characterize Palmistichus elaeisis as a promising agent for use in control of lepidopteran eucalyptus defoliators. Research is being conducted by the Laboratory Biological Control of Forest Pests "Universidade Estadual Paulista Julio Mesquita Filho" São Paulo, Brazil, to provide a design methodology for mass rearing and release techniques by which P. elaeisis might control pests in eucalyptus plantations and thereby reduce the use of chemical and biological insecticides that would otherwise be employed to this end. 
